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(57) Die Erf indung betrifft ain Verfahren zur Quenehurtg von halflen rtaktiven Human. Das Varf ahren baziaht aich 
auf dia intaostfvtnjBfichimg van heUSen reaktivsn Hesmen aua Plaamapyrolyseprozeasen zur Vaxhindantng das Zarfalls 
dor ats Zielprodukte im Piasmaraakior gabildetan Kohtanwassarstoffe. MH Hiffa der erflndtmgsgamS&an LBsung wird 
d*r Guenchprozatt vuesentBch intensMart und daduroh insbasondara der AcatyJenzerlan bairn Quench stark reduzfert. 
Erfmdur. jsoemSa wird in etnern aaparaten Krahlauf umlaufendas proze&eiganea Pyrotysegas in ekw 
Koniprwsionsttufe auf eman Drunk von mtndestens 0,2 MPa vardichtet, anschiiefiend in einer Lavaktiise emspartnt 
und auf ObcrschaHgeachwIndiflkaft beschtainigt Das durch dia Entspannung beschteimigte und unterkahfte 
Kretsiauf gas wird in einer Quanchatiifo mil dam haJfian reaktiven Piasma vermiacht Die Effakte baataian in ainar 
hohan Einmigchgcschwindigkait das Kreisteufgasas, die in der Graflenordming der des Plasmas liegt, in der durch die 
Unterkfihtung vermirtderten VrskositSt das Pyiaiyaegaaes sowie in der Erhahung dee therrraschen Gradiertten 
zwischen Quench- und Pyrolysega*. Durch dia kombiraartan Wirkungan alter Effokte wird die Ouanchgatdiwindigkart 
erhdht und der Acetytonzarfafl reduziert. 
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1 . Vo rfahren zurQuenchung von helfien reaktiven Piemen eus Plasmapy rotysoprozoasGn dutch ein In 
elnem separaten Krebiauf urn huifendM proroGaigones PvtoI yaegas, dadurch gattenmefohnot daft 
untar Varwandung ainer Lavalduee das Kreltlaufgas auf Uberschallgeaohwindlgtelt beeohleunigt 
und auf afne Temperatur unterhalb der Umgebungstemperatur abgekflhft wild. 

2. Verfahren nach Anepruch 1 . daduich gatamnzoj'chnet, daE das Kralalaufgaa vor EintrlU in die 
LavaidOae auf mindestens 0,2 M Pa vardlchtat wird 

3. Verfahran nach Anspruch 1, dadurch gekaraueJchnat, daG das heiQe Plasma In das die Lavalduse 
vartassande Kralalaufgaa eingedOst wird. 

Airwendanflcaafliet dar Erflndunfl 

Ola Efflndung kann in darPteamachamia, tpadaS baj PlasmapYfotytaproanaa air Ouanchung von haifian Plaarnen 



Hoehtndothamia Zfcalpcodukia bus PUumipynriysaprazasstn varschiadenar f onuar Robstoffe. wi b Acetyien und Ethyl an, slnd 
ab lanetfschdetermfotorta Zwiache?^ Plaaraapyrcdyaercataor 
eufeufaaaen, da tin taNkfcea JUUxfaurn ftuar Konzentreden 1m Veritas' do* Aaaktionaprozeasea beahzan, bai wekham dto 
BOdungs- and 2erfalJapr©zesee cfch Jmrazaitig tm Gtetebgawichi bcfimten. Kohlenwasaantofla, cfia lm Pyrolyseptaamo zunachst 
gebBdet woidanalnd, zerfa&an be! Aufrwhtwhataino der hohan^matampeniluraniMwanaran Prozattveriauf In Rufcund 
Wassai staff. 2ur VarUndarunp cfiataa ftozssses mu& daa im Plasma vareegande ehamiacha Hochtemparaturgleichgawicht 
mopjtehat schlagsrtig afngefroran warden, (ndam das Plasma einam Hochgoschwinajg Wtsauenchprfi»S im 
Kofssmrationarnaxlmitm ear ZieJpfcdukto untaoogan wird, 

Ja ka*ar da Quenthzeft lit urn ao wenJgar KohtenwacaeratofTa terfaHan dabel In Butt und Wacseratoff. 

Dla dcnch hochsten GuenctajaacbwirialgkcHan lessen ateh dutch EiitdOsen von Kaftoas In dan PlaamasuaMenWen. 

in DD-WP 260021 wird ein Varfahren zur Gaao^ancitufv von Pvrolyaapiasman vorgaaieHt, watehaa dadurch gatainzb'chnet IM, 

daO etatl Fwnd&sm, wia Waaaaratofl pr ezafialgenas Pyiolyaaaaa verwandet wird. weJehee In dan Kaftan Platmastranl 

gaJfeSAnajrind. 

Dio mlt dioaem Verfahren arraichbare QuarK^geachwndrgkaU hi andtfch und nach ebon begrarai, da dla thermtccha Triabkrtn 

twfeciwnWaanMimdPyrot^ 

PyratyafaausncnoaBtt 

dar daa eingedOtlcn Qunnchgases. Dadurch wird In Vaibuidung mitder bohen VtefcatiUUda* Plaamai aina achnetia 
Varmiaahungarafihwart 

Im DO-WP 240841 wird die Hydrodynatn& das Gafiquanehprozassea dureh machanUeha Mlual wle Elnnauien Im 

Ou enchepparat verbeaaertund biabesondere ein intansrvar Quench dea haiBon Waaroaaua Wzanuuma afraldn, Dadurch laat 

ateh ale QuaactioesfJiaa^^ 

Jadoch ist audi bai dfeaer Lacuna dla maw ma La Quanchgeachwtodtgkait faifolgo dar unvarSnoart faatUanandan tharmischen 
TriabJtran zwtechen Piasma und Quanchaaa, dar gteiehan Strtaun^flascbwindigkritaralmtonan und darraUavbohan 
Vbkositltan dar beidan Komponanten nach eban bagranzt 

ZhldarErDndung 

Das Z2al dar Erlindung iat aa, d a Quanchult bat dor Plaimapyrotyse su mfrifmferan, urn somft oaw effsklMUitsartidlning das 
Oaaamiprozesaaa harbahuffihran. 



Dar Erfindurtg nag! die Aufgabe mgrunda, das ale Ouanchoeschwindlojcait bai oar Plasmanyrolysa nach often begranzandan 
Faktnran, wte die Viskosnfit des Platmas ynd daa Krebteutgaaea ais Quanchmittoi, iu vermindarn, q lalchzalUg dan Impula dos 

iwischan rtaima und KraUiaufnaa co» dabaj abanfiftt v^rdOort wardarv 

Daa waltaran gBt as, atno Varbassarung dar hydrodynamlschen Badingungen dar Varmtechu ng harvo rzu mt an, 
ErflnoungsaamflB wird dla Auf gaba dadurch galdat daft ejft Varfabian zur Ouanchung von helflan reaWvan Piaaman aue 
IHssmapyfolvsapraaassan duicb einfm separaten Kraislauf umlauf cndai iraa&eigenea PyrdysagaB t waichas untar 
Verwencfci rtg atnar Uvald&sa our Ona^chaitoaachwindiokalt baachlsunlgt und a uf elna Tampatatur untarhalb dar 
Umgabunatwupaiauir ebgekaWt wird, zum Bnaabs tommt. 

Das Kreitlaingaa wird vor Sflbtlt In dia LavaidOae auf mMaatana O^MPa vardichtat Unmittaibar n*J. dam Varlaaaen dar 
LavaidOaa wird das KraisteuiQ&i fn du heiEa Placma einnaduaL 

Oia Wulcungswalso der&findung bastaht darin. daft daa Im Kielalauf umlaufende Pyrotyaaga^woU^ainaTomparatw 
obarnalb und nana dar UmgabunQCtttmpemtur baaHzt auf mindaatena O^MPa vardtcMat wird und durchdUaanschlja&enda 
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Entspanmmo In abar Uvtfdto tins AbkOhkmg tuf etna Tempentin umarhalb dor Umstbunostamperttur arretau. Ola 
StrOmw mgeid wrfndifltrit beim Vartassan dar UvitdQia Coflt oberhalb dar SchaHpochwrtmBctell womii dar impute das 
amettthUan tteisleufaases ithrteh 1st Dieses scrmeaetromando, unterkfihlta KretetaufBeswird erfl ndungagtmlG mis dam 

to mint es tu einem Zcmi&w des Ptasmssifeftsssy verbur *en mil 




Der iweJm Efteit der durch rib erfirtanjngsgem3&o Losu ng enfeJt wild, basiehi darb, dill durch Unterkuhlung d« 
Krs^iefreeadiu^o>6ntef»n^ 

wird, was m ttoem ecrmaUemn und InUnsWin TcmperaiurausrjJeidi awtsehen bcW/m Median fQhrt. 
Efaweittier'gfaftbestahtbeberef^ 

Tcropefeturder CbamJechung nach dam Quench. fcridtge dar nbdrigtn Temperatur dar UbartchtHkialalaufffasafOmunp wfrd 

afaflgaganflbwdtfUmgafa«iqatanya^ 

Krebiaufgae euswirti 



h ebertosmaanlageiifr Hasmewrofyse von Kohb im HrPfasma xur Enauguog von 300000 t/a Acetyten, eowte Wa ssemoff, 
Elh ybn und ! i yTO<ytakok8 v bmaht aua tflnftig ir>MW-Piaematrons rrtoPtoimemaWer. 
Das atss Bmtmtohb gewonnane Pyrolysegas waist f otgende Zuaammenaabung an* 

CH>: IOVot-% 
CaHaiGVol* 
CO;20V6l.-% 
H,: 88 Vol-*. 

Pyr«4y«ftkftteb^diMa d^PyralymfigttftabstrlQt 1 . 1 ,5Va/N m*. brarhalb dt&sar Plasmaanlaga wild ftrfindungagamiB eb 
l^totyaagaatoolateliffaagajait b wateham aba Mange vonSOOOOONmVh Krairiaufgaa uml&jft beber wntra/tii 
KompmaaorerotttlonvAdlrmw^ 

ZvriecheitkOHIung euf eben Ifcudt vonQ£W Pa vardfcbtet und b dar NacfckfihUmg euf aba Tamparati - wjnttSKabgefcOM. 
Otr Adkbatenaxponan! im PyrcIyeftgaMtrom kt * 1,36, die Schafl0ctchwtndigbut Im Pyrolywgis Im RuhwusUnd btilt$$\ 
632/n/e, 

Dar verdfchteto KreSslaiifgaastrom wird nunmahr aufSO ffaamareeJcloren aufgetelU und b abar Manga von SOOONmMvh ]e 
ftasmareaktor JeweJb to abar LavaldOce euf eben Dmek von 0,1 2MPa ediabat antepannL 
Dadurch tbgan db Pymfyaaparamatar in folgander Write verSndert nach dar Errtspannung von 

SchaagMchwfridHfbOt Im Krmsbiifgas: 443m/6 
KrabtaMfguBtftwinriigkeUr fiSSaVs 
Tamperaiur: 2&K. 

WoltarMn vdrd db VhfcMrtttt ca^Krelslaulpaaaa «*rf »nsig»fjftnftfe»T item Wart bai WtMrmatbadbgungan abgasentt. 

IftdiasamwitekOhttaivr^ 

raaldr«he«1e*rlasrnaa«dem 

lobta* dar g/6^©fdjwrtg«miaig vergbjchbaran hohen Geschwtodigkoiian von Plasma undObafichaiatraiaJau^asslromung 
sowfe dar geganOberdera Umgebungsausiand stark ebgasentaan VIsJoosRfiides KreislBufgasea kommt es hi abar btanaivan 
Vcnnocbuna beWtr Strime, ' 

Oumh cfla orAOara tharnikeKaTriafaStraftawischan PUama urul Kraisliureas wird dar Quanch vafbosaartund dar 
TejripemOTi»ctelchbascndari to dar Anfangspbaaa desKontektaa bescWaunigt 

dna weitam positlva Wirkung bosteht bi hftharei Enargbaubabmawrfnoflan dar kaUen UbarachallkreSabufgasatromung und 
damU a)no Ateaidwng dar MlaehtamparaUir, Om akh bet ca. 0Q0IC abstaBt 

DarQuanchproiafi wird baoesamtdureh die urn 10,^20% casteloerte (^iflnchnaschwindigkait wasanlUch aHaktivar und der 
AcetybnzeffaU basogan aufdb PtodufclbnftapezitCtdar AntagosaganSbor harUmmlichan Ouaachartan urn ca. 3000 t/a 



Nach tbm Ouandipr ozdQ wird das PyroIytagAi IS00 K: ai 2 MPa; 800 CHJNm'Ai) durch rekupflrativa Abwarmenulzun0 
BfagabOMl Obar ZyUona und vwhata gaalgnaia ftatatoff abadieldar von Pyrolysatote balrah und aua dam Pyrolysagasatrom 
3O0C0ONm , /h in die Wahervaraxbdiong ausgaVrafct 

0b andarah 300 000 NntVn ata xwabar TaBslram wetdati \m KreUtauf &ber db achon aiwShnle (Compression wladaf dar 
LavaUSfiaa tugafDhrt 

Es tat bdoah aueb mfiglteK, db Auaboisiifig das TeSstromas aur Walbrvaraibailung nach dar Komprossiorattufo 
durcbaaCSIiran* 

Eb waitarar Vortai! dee arffridungsgamSOan Vartattreni iak, daQ dar apparativa Aufwand tur Dunftf&rmmg daa Vartahrans mit 
elnfa^wm Mlnaln aehr gerif»g tat und eimm tkbnm Butrbb dat QuanduAub gar aiiUart 
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(54) Method of quenching of hot reactive plasmas 



(55) Plasma pyrolysis; plasma reactor; quench; Laval nozzle; compression; expansion; cool down; 
recycle gas; supersonic speed 

(57) The invention concerns a method for quenching of hot reactive plasmas. The method pertains to the 
intensive quenching of hot reactive plasma from plasma pyrolysis processes to prevent the breakdown of 
the hydrocarbons formed as the target products in the plasma reactor. By means of the solution of the 
invention, the quench process is substantially intensified, thereby gready reducing in particular the 
breakdown of acetylene during the quench. According to the invention, the pyrolysis process gas moving in 
a separate circulation is compressed in a compression stage to a pressure of at least 0.2 MPa, then expanded 
in a Laval nozzle and accelerated to supersonic speed. The recycle gas, which has been accelerated and 
supercooled by the expansion, is mixed with the hot reactive plasma in a quench stage. The effects consist 
of a high mixing rate for the recycle gas, which is on the order of magnitude of that of the plasma, the 
viscosity of the pyrolysis gas is reduced by the supercooling, and the thermal gradient between quench gas 
and pyrolysis gas is increased. Thanks to the combined action of all effects, the quenching rate is increased 
and the acetylene breakdown reduced. 
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Patent Claims: 

1. Method for quenching of hot reactive plasmas from plasma pyrolysis processes by a 
process-internal pyrolysis gas traveling in a separate circuit, characterized in that the 
recycle gas is accelerated by use of a Laval nozzle to supersonic speed and cooled 
down to a temperature below the ambient temperature. 

2. Method per Claim 1, characterized in that the recycle gas is compressed to at least 0.2 
MPa before entering the Laval nozzle. 

3. Method per Claim 1, characterized in that the hot plasma is injected into the recycle 
gas leaving the Laval nozzle. 

Area of Application of the Invention 

The invention can be used in plasma chemistry, especially in plasma pyrolysis processes, 
for quenching of hot plasma. 

Characteristics of the known State of the Art 

Highly endothermal target products from plasma pyrolysis processes of various fossil raw 
materials, such as acetylene and ethylene, are considered to be kinetically determined 
intermediate products of a radically occurring reaction process in the plasma pyrolysis 
reactor, which possess a maximum concentration during the time of occurrence of the 
reaction process, at which the processes of formation and breakdown are briefly in 
equilibrium. Hydrocarbons formed initially in the pyrolysis plasma break down into soot 
and hydrogen in the further course of the process if the high plasma temperatures are 
maintained. To prevent this process, the high-temperature chemical equilibrium 
prevailing in the plasma must be frozen as abruptly as possible by subjecting the plasma 
to a high-speed quenching process when the target products are at maximum 
concentration. 

The shorter the quench time, the fewer hydrocarbons break down into soot and hydrogen. 
The highest quench speeds at present can be achieved by injecting cold gas into the 
plasma jet. 

In DD-WP 260621, a method is presented for gas quenching of pyrolysis plasmas, which 
is characterized in that process-internal pyrolysis gas is used instead of outside gases such 
as hydrogen, being blown into the hot plasma jet. 

The quench rate achievable with this method is finite and bounded from above, since the 
thermal driving force between plasma and pyrolysis quench gas is determined by the 
pyrolysis quench gas, which is at ambient temperature or slightly elevated temperature. 
Secondly, the speed of the plasma leaving the plasma reactor is generally below that of 
the injected quench gas. This, as well as the high viscosity of the plasma, makes a quick 
mixing difficult. 

In DD-WP 240841 the hydrodynamics of the gas quench process is improved by 
mechanical means, such as parts built into the quench apparatus, and in particular an 
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intensive quenching of the center of the hot plasma jet is achieved. In this way, the 
quench rate can be further increased. 

However, with this solution as well, the maximum quench rate is bounded from above 
due to the unchanged stationary thermal driving force between plasma and quench gas, 
the same relations for the flow gas velocity, and the relatively high viscosities of the two 
components. 

Purpose of the Invention 

The purpose of the invention is to minimize the quench time during plasma pyrolysis, 
thereby increasing the effectiveness of the overall process. 

Presentation of the Essence of the Invention 

The basic problem of the invention is to diminish the factors which place an upward limit 
on the quench gas speed during plasma pyrolysis, such as the viscosity of the plasma and 
that of the recycle gas used as quenching agent, and at the same time to increase the 
momentum of the quench gas being mixed in and, thus, the mixing rate. The thermal 
driving force gradient between plasma and recycle gas should likewise be increased. 
Furthermore, one should improve the hydrodynamic conditions of the mixing. 
According to the invention, the problem is solved by using a method for quenching of hot 
reactive plasmas from plasma pyrolysis processes by a process-internal pyrolysis gas 
traveling in a separate circuit, which is accelerated by use of a Laval nozzle to supersonic 
speed and cooled down to a temperature below the ambient temperature. 
The recycle gas is compressed to at least 0.2 MPa before entering the Laval nozzle. 
Immediately after leaving the Laval nozzle, the recycle gas is injected into the hot 
plasma. 

The mode of operation of the invention consists in that the pyrolysis gas traveling in the 
circuit, having a temperature above and near the ambient temperature, is compressed to at 
least 0.2 MPa, and a cool down to a temperature below the ambient temperature is 
achieved by subsequent expansion in a Laval nozzle. The flow rate upon leaving the 
Laval nozzle is above the speed of sound, so that the momentum of the supercooled 
recycled gas is very high. This fast-flowing, supercooled recycle gas is mixed with the 
hot reactive plasma leaving the plasma reactor, according to the invention. 
Due to the high momentum of the supercooled recycle gas, the plasma jet is torn apart, 
combined with a high mixing rate. 

The second effect achieved by the solution of the invention is that the thermal driving 
force between recycle gas and plasma is increased by supercooling of the recycle gas by 
the expansion in the Laval nozzle, resulting in a faster and more intensive temperature 
equalization between the two media. 

A further effect is an increased thermal capacity of the circulating pyrolysis gas and, thus, 
a lower temperature of the gas mixture after the quench. Because of the low temperature 
of the supersonic recycle gas flow, the viscosity is reduced as compared to ambient 
temperature, which has positive impact on the mixing of plasma and recycle gas. 
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Sample emb diment 

In a plasma layout for plasma pyrolysis of coal in H2 plasma for production of 300,000 
ton/year of acetylene, as well as hydrogen, ethylene and pyrolysis coke, [it] consists of 
fifty 10-MW plasmatrons with plasma reactor. 

The pyrolysis gas obtained from brown coal has the following composition: 

C2H2: 10 vol. % 
C2H4: 5 vol. % 
CO: 20 vol. % 
H2: 65 vol. % 

The pyrolysis coke load of the pyrolysis gas is 1-1.5 kg/Nm 3 . Inside this plasma layout, 
according to the invention, a pyrolysis gas circuit is implemented, in which a quantity of 
300,000 Nm 3 /h of recycle gas travels. At a central compressor station, the circulating 
pyrolysis gas is compressed to a pressure of 0.3 MPa within the circulation by two-stage 
compression with intermediate cooling and then cooled down to a temperature of 325 K. 
The adiabatic exponent in the pyrolysis gas flow is % = 1.36, the speed of sound in the 
pyrolysis gas in the resting state is 532 m/s. 

The compressed recycle gas flow is now divided among 50 plasma reactors and 
adiabatically expanded to a pressure of 0.12 MPa in a Laval nozzle for each of them in a 
quantity of 6000 NmM 3 /h per plasma reactor. 

In this way, the pyrolysis parameters after the expansion have been changed in the 
following manner: 

Speed of sound in the recycle gas: 443 m/s 
Speed of circulation: 695 m/s 
Temperature: 225 K. 

Furthermore, the viscosity of the recycle gas has been reduced by around 20% compared 

to the value under normal conditions. Into this supercooled circulating stream flowing at 

supersonic speed, 6000 Nm 3 /h of reactive hot plasma from the plasma pyrolysis reactor 

with a temperature of 2200 K is injected for each plasma reactor. 

Because the high speeds of plasma and supersonic recycle gas flow have comparable 

order of magnitude, and the viscosity of the recycle gas is greatly reduced compared to 

the ambient condition, there is an intensive mixing of both streams. 

Because of the greater thermal driving force between plasma and recycle gas, the quench 

is improved and the temperature equalization is accelerated, especially in the initial 

contact phase. 

A further positive effect is the higher energy uptake capability of the cold supersonic 
recycle gas flow and, thus, a lowering of the mix temperature, which is around 900 K. 
The quench process is much more effective overall, since the quench rate is increased by 
10-20%, and the acetylene breakdown is lowered by around 3000 ton/s in terms of the 
production capacity of the layout, compared to traditional types of quenching. 
After the quenching process, the pyrolysis gas (900 K, 0.12 MPa, 600,000 Nm 3 /h) is 
cooled down by recuperation of waste heat, the pyrolysis coke is eliminated by cyclones 
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and other suitable solid separators, and 300,000 Nm 3 /h is removed from the pyrolysis gas 
flow for further processing. 

The other 300,000 Nm 3 /h is a second partial flow which is returned to the Laval nozzle in 
the circulation through the aforementioned compression. 

However, it is also possible to remove the partial flow for further processing after the 
compression stage. 

Another advantage of the invented method is that the hardware expense for implementing 
the method by simple means is very low and it guarantees a safe operation of the quench 
stage. 
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